The essential oil from the herb of Artemisia campestris L. subsp. campestris harvested at five ontogenesis phases was analyzed by GC, GC/MS and 1 H NMR spectroscopy. More than 130 compounds were identified. Terpene hydrocarbons dominated in the oil. Germacrene D (20.3-30.1%), β-pinene (3.7-15.4%) and γ-humulene (6.6-9.8%) were the main constituents. The contents of germacrene D and γ-humulene decreased from the phase before bud formation to the beginning of flowering, then increased until the post-flowering phase. The content of β-pinene at the same periods firstly increased, and then was reduced.
Artemisia campestris L. (Asteraceae), commonly known as field wormwood or sagewort, is a perennial plant widespread all over Europe and North Africa. The species is polymorphus and divided into several subspecies and varieties. Three subspecies occur in Poland, the most abundant of which is A. campestris subsp. campestris. It grows wild in open sites on dry sandy soils, particularly on abandoned fields and along the roads [1] . The aerial parts of this plant are used in traditional medicine as an anthelmintic, antiseptic, antivenin, cholagogue, deobstruent, emmenagogue, hypotensive, stomachic and tonic agent [2] . The chemical composition and biological activity of the essential oil of A. campestris, mainly of Mediterranean origin, have been reported previously. The leaf oils of the plants collected from several areas of Tunisia at different periods of vegetation were dominated by the presence of β-pinene (24.0-49.8%), following by p-cymene (0.5-22.3%), α-pinene (4.1-12.5%), camphor (0-10.3%), limonene (0-10.1%), spathulenol (0-10.0%), γ-muurolene (0-9.6%) and γ-terpinene (0-9.0%). The variation in the oils' composition depending on origin and periods was not uniform [3a-f] . The herb oils of plants from Algeria were shown to contain (Z,E)-farnesol (10.3%), cedrol (5.4%) and verbenone (3.8%) [4a] ; α-terpinyl acetate (18.8%), α-pinene (18.4%), camphor (9.2%) and camphene (7.7%) [4b]; myrcene (16.5%), α-pinene (14.2%), (E)-β-ocimene (12.6%) and p-cymene (8.2%) [4c] . The major constituents of the herb oil from Turkey were 1,2-dehydroacenaphthylene (20.7%), tremetone (15.8%) and capillin (10.4%) [5] . However, in Serbian oil there were spathulenol (9.2%) and β-pinene (9.1%) [6] . Iranian oil contained mainly α-pinene (23.0-29.2%), spathulenol (15.8-29.2%), β-pinene (4.5-12.6%) and bicyclogermacrene (2.3-12.0%) [7] . For all the above mentioned oils the name of the subspecies of A. campestris was not indicated. The oil of A. campestris subsp. glutinosa flowers collected from four localities in Italy was found to contain β-pinene (6.9-57.2%), germacrene D (0.4-28.6%), bicyclogermacrene (1.0-14.5%) and myrcene (1.7-11.2%) [8a] . Oil from the herb of the same subspecies harvested at four phenological stages in France consisted of γ-terpinene (1.4-46.5%), capillin (8.9-33.1%) and 1-phenylpenta-2,4-diyne (16.2-29.7) [8b]. The oil of subspecies maritima from Portugal was rich in β-pinene (17.8%), cadin-4-en-7-ol (16.4%) and γ-terpinene (8.7%) [9] . Up until now only two other papers have described the composition of the oil of A. campestris subsp. campestris. Oil of the plants collected from ten locations in Lithuania contained mainly caryophyllene oxide (8.5-38.8%), germacrene D (3.5-15.0%), humulene epoxide (0.7-8.1%) and β-ylangene (0-7.7%) [10a] , whereas oil from the herb of Italian origin contained 1,8-cineole (19.2%), spathulenol (18.7%), epi-cubebol (14.1%) and β-pinene (10.7%) as the main constituents [10b].
Taking into consideration the fact that the oil of this species varies significantly, depending upon the subspecies, origin, plant organ and vegetation stage, we decided to study the essential oil of A. campestris subsp. campestris growing in Poland. The oil of the plants from Central Europe has not been reported yet. The yields and chemical composition of the oils from the herb harvested at five ontogenesis phases (I-V) are presented in Table 1 . The fresh herb contained 0.03-0.04% of oil (0.09-0.12% in dry weight). The content of the oil varied slightly during the period of vegetation, the highest being at budding stage (II) at the end of July. More than 130 compounds were identified in the oils, about 50 for the first time in this species. Examples include compounds such as 18 monoterpene hydrocarbons, 36 oxygenated monoterpenes (17 alcohols, 9 carbonyls, 7 esters, 3 oxides), 37 sesquiterpene hydrocarbons and 28 oxygenated sesquiterpenes. Terpene hydrocarbons dominated in the oils, sesquiterpene hydrocarbons constituted 46-62% and monoterpene hydrocarbons 17-37%. Germacrene D (20.3-30.1%) was the most prominent constituent. The second and third major compounds were β-pinene (3.7-15.4%) and γ-humulene (6.6-9.8%). The amounts of these components in the essential oil varied during ontogenesis of the plant. The content of germacrene D decreased from 30.1% at the phase before bud formation (I) to 20.3% at the beginning of flowering (III) and then increased to 28.8% after flowering (V). Similar changes in the levels of γ-humulene (9.8%, 6.6% and 9.4% respectively) were observed. The content of β-pinene increased from 5.5% to 15.4% and then reduced to 3.7% at the same periods. Identification  methods  I  II  III  IV  V  Hex-3-en-1-ol  844  851  tr  tr  0.1  tr  tr  RI, MS  Tricyclene  921  927  tr  tr  tr  tr  tr  RI, were α-pinene (3.9-8.4%), β-elemene (2.5-7.1%), bornyl acetate (2.1-6.5%), γ-muurolene (3.7-5.9%), (Z)-β-ocimene (2.9-4.5%), β-caryophyllene (1.7-4.1%) and (E)-β-ocimene (1.7-3.2%). Their contents varied slightly during ontogenesis of the plant. Oil of A. campestris subsp. campestris growing in Poland was quite different in chemical composition from the oils previously described. Our study proved the existence of a new A. campestris subsp. campestris chemotype (germacrene D, β-pinene and γ-humulene) and shows the variability of the oil composition during ontogenesis of the plant. Each sample of fresh herb (500 g) was separately hydrodistilled in a Clevenger-type apparatus for 4 h to obtain the essential oil. The oils had a yellow color and an intensive, herbal, bitter aroma. After decanting and drying over anhydrous MgSO 4 , the oils were stored at low temperature (5ºC) before analysis.
Analysis of the essential oils:
The chemical composition of the oils was determined by chromatographic and spectroscopic methods.
The gas chromatographic (GC) analyses were carried out on a Carlo Erba Instruments HRGC 5300 gas chromatograph operated with a split/splitless injector, flame ionization detector using an apolar capillary column Rtx-1 (dimethylpolysiloxane), 60 m x 0.25 mm x 0.25 μm film thickness (Restek, Bellafonte, USA), temperature program 50-300°C at 4°C/min, injector temperature 320°C, detector temperature 310°C. Injection volume was 0.08 μL, split ratio 1:13, and carrier gas helium with a flow 4 mL/min. The gas chromatography/mass spectrometry (GC/MS) analyses were performed on a Thermo Electron Corporation Trace GC Ultra gas chromatograph equipped with a mass detector DSQ II. The MS operating parameters were: ionization voltage 70 eV, ion source temperature 200°C, mass range 33-420 m/z. Other conditions of the analyses were the same as described under GC analyses.
The 1 H NMR spectra were performed on a Bruker DPX 250 Avance spectrophotometer using CDCl 3 as solvent and TMS as a standard.
The oil from the flowering herb (2.5 g) was separated by repeated flash chromatography (FC) on Kieselgel 60, particle size 0.040-0.063 mm (Merck) with n-hexane and increasing amounts of diethyl ether to obtain fractions 1-10. Fractions 1 (740 mg) and 2 (190 mg), containing terpene hydrocarbons, and fraction 7 (170 mg), containing terpene alcohols, were separated on Kieselgel 60 impregnated with AgNO 3 to obtain fractions 1.1-1.4, 2.1-2.6 and 7.1-7.3. All fractions were analyzed by GC/MS; additionally, fractions 1.2-1.4, 2.1, 2.2, 2.5, 4, 5, 7.1, 7.2 and 9 by 1 H NMR spectroscopy. Fraction 1.1 (460 mg) contained germacrene D (27%), γ-humulene (15%), β-caryophyllene (9%), β-pinene (6%) and α-pinene (5%), fraction 1.2 (85 mg) germacrene D (85%) and β-caryophyllene (12%), fraction 1.3 (30 mg) β-elemene (88%), fraction 1.4 (50 mg) α-humulene (27%), fraction 2.1 (10 mg) ar-curcumene (41%), fraction 2.2 (10 mg) γ-humulene (83%), fraction 2.5 (15 mg) bicyclogermacrene (30%), fraction 4 (165 mg) bornyl acetate (55%), fraction 5 (85 mg) caryophyllene oxide (39%), fraction 7.1 (80 mg) epi-α-muurolol (29%), fraction 7.2 (35 mg) spathulenol (54%) and (E)-nerolidol (26%) and fraction 9 α-cadinol (31%).
Identification of components of the oils and components of the fractions was based on comparison of their retention indices relative to n-alkanes (C 8 -C 26 ) and their MS with those of commercial libraries (NIST 98.1, Wiley Registry of Mass Spectral Data 8 th edn, MassFinder 3.1) and literature [11] . Major components of the oil, separated by FC, were additionally identified by comparison of their 1 H NMR spectra with literature data [12a-e] .
A quantitative analysis (expressed as percentage of each component) was carried out by peak area normalization measurements without correction factors.
